ABSTRACT. Two hundred and forty one-day-old male broiler chickens (Ross-308) were fed corn-soybean basal diets with 0, 40, 80, or 160 mg/ kg of an acid protease preparation from 1 to 42 days of age, in order to investigate the effects of an exogenous enzyme on growth performance, pancreatic trypsin activity and mRNA expression. Average daily gain (ADG) was greatest in the 160-mg/kg treatment group at 1-21 days, which was significantly higher than that in the control. After 42 days, average daily feed intake (ADFI) and ADG had significantly increased in the 80-and 160-mg/kg treatments (P < 0.05), with the 80-mg/kg treatment group having the highest ADFI and ADG values. The feed conversion ratio was not affected. Dietary acid protease at 80 and 160 mg/kg significantly decreased trypsin activity in the pancreas (relative to the control group) by 35.71 and 47.29%, respectively (P < 0.05). After 42 days, trypsin mRNA expression in the pancreas had significantly decreased by 19.5% in the 80-mg/kg treatment group relative to the control (P < 0.05). After 21 and 42 days, the diet supplemented with 160 mg/kg acid protease significantly decreased pancreatic trypsin mRNA by 19.6 and 37.7%, respectively, compared to the control. There were no significant differences between the 40-mg/kg treatment group and the control. Our results suggest that the amount of acid protease in the diet significantly affects trypsin activity and mRNA expression in broilers.
INTRODUCTION
Increases in the cost of feed ingredients and society's growing expectations of reduced environmental pollution from animal agriculture have increased interest in the use of enzymes in animal diets. Research on the use of exogenous enzymes in broiler diets has been conducted for decades, ever since studies that were conducted on the hyposecretion of digestive enzymes in young broilers. Broiler feeds supplemented with a protease improve the feed conversion ratio (FCR), as well as crude protein and amino acid digestibility (Carvalho et al., 2009; Maiorka et al., 2009; Vieira et al., 2009) . Increased ileal amino acid digestibility, body weight gain (BWG), and feed efficiency have been reported in birds fed corn-soybean meal diets supplemented with exogenous enzymes (Zanella et al., 1999) . Increased nutrient availability due to enzyme supplementation is associated with improved digestibility or retention of energy, protein, and nutrients. Chicks that consume soybean meal diets supplemented with a protease exhibit increased BWG, nitrogen retention, and metabolizable energy, without any alteration in the FCR (Ghazi et al., 1997) .
Exogenous enzymes increase the secretion of some endogenous materials from the gastrointestinal tract of broilers (Ashild and Jerry, 1989; Nitsan et al., 1991; Noy and Sklan, 1995) . However, some researchers have found that supplementation with exogenous digestive enzymes can interfere with the development of digestive organs and metabolism in broilers. Therefore, it is possible that supplementation with enzymes, particularly at high levels, negatively affects broilers by interacting with the gastrointestinal tract or digestive enzyme system (Cowieson et al., 2006) . Their effects depend on many factors, such as the age of the bird, type of diet, and enzyme dose (Bedford, 2000; Acamovic, 2001; Cowieson, 2005) .
Trypsin is a member of the serine protease family, and is the primary protease in the alimentary canal. It plays an important role in protein digestion and the activation of other pancreatic zymogens by hydrolyzing their N-terminal short peptides (Rypniewski et al., 1994) . The purpose of this study was to investigate the relationship between supplementary exogenous enzymes of microbial origin and the development of endogenous enzymes in broilers. The study focused on the effects of exogenous acid protease on the synthesis and secretory activity of trypsin.
MATERIAL AND METHODS

Chickens and diets
Two hundred and forty one-day-old male broiler chicks (Ross-308) were randomly allocated by body weight to eight treatments, with six replicate pens of 10 broilers. The broilers were housed in electrically heated cages with 24 h light, and provided with ad libitum food and water for 42 days. Room temperature was maintained at 33 to 35°C during the first week, and was gradually decreased to 24°C by the end of the third week. The birds were fed a corn-soybean basal diet that had been formulated by the National Research Council (Table 1) . The experimental groups' diets were supplemented with 40, 80, or 160 mg/kg of an acid protease preparation. The acid protease (enzymatic activity 50,000 U/g) was obtained from the Shanghai Honest Biological Technology Co. Ltd. All of the diets were fed in mash form. 
Sampling procedure
The broilers were weighed after being starved for 12 h at 21 and 42 days of age, and feed consumption for each pen was recorded for the 1-21-day or 1-42-day phases. The average daily feed intake (ADFI), average daily gain (ADG), and feed to gain ratio (FGR) were recorded during the initial (1-21 days) and total (1-42 days) phases of the experiment. One chick per replicate was then randomly selected and provided with each feed for 6 h, before being killed by cervical dislocation. The pancreas was removed and frozen immediately in liquid nitrogen, before being stored at -70°C.
Trypsin activity assay
Approximately 1 g of pancreatic tissue was placed in nine volumes of purified water to obtain a 100 g·kg -1 homogenate. The homogenate was then centrifuged (SIGMA 2-16K, Sigma, Germany) at 4000 r·min -1 for 15 min, and the supernatant was collected for a trypsin activity assay. Trypsin activity was measured using a modified Schwerdt method (Stellmach, 1992) . One enzyme unit was defined as the amount of enzyme in each milligram of protein that caused an increase in absorbance of 0.003 per min at pH 8.0 and 37°C. The protein concentrations were measured using the Coomassie Brilliant Blue method.
RNA extraction
We extracted total RNA from 50 to 100 mg of tissue using TRIzol reagent, based on the manufacturer instructions (Invitrogen, USA). The RNA concentration was determined by absorbance at 260 nm using a UV spectrophotometer(Shenzhen, China). We assessed RNA purity by measuring the OD260/OD280 ratio. The total RNA samples typically yielded an OD260/OD280 ratio of between 1.9 and 2.0.
Primer synthesis
The primers were synthesized by the Shanghai Biological Technology Co. (China). The trypsin primer pair (P1 and P2) was designed based on the trypsin coding sequence, and the β-actin primer pair (P3 and P4) was designed based on the conserved β-actin sequence. The trypsin and β-actin cDNA primers were designed based on the GenBank sequences NM_205385 and NM_205518, respectively (Table 2) . Table 2 . Primer pairs for trypsin and β-actin genes from broilers.
Fluorescence quantitative reverse transcription polymerase chain reaction (qRT-PCR)
We performed a real-time PCR using a SYBR ® PrimeScript TM RT-PCR Kit (Takara Biotechnology, Dalian, China) following the manufacturer instructions. Total RNA was reversetranscribed to yield cDNA using oligo-dT and reverse transcriptase at 50°C for 30 min, which was followed by heat inactivation at 85°C for 5 min. The cDNA samples were then mixed with SYBR ® dye. We performed gene-specific and quantitative real-time PCR using a Bio-Rad iQ5 PCR machine (Bio-Rad, USA). The PCR program consisted of predenaturation at 95°C for 5 min, 35 cycles of denaturation at 95°C for 10 s, annealing extension at 55°C or 56°C (for β-actin and amylase, respectively) for 15 s, and at 72°C for 12 s, followed by heating of the product from 60 to 95°C to generate the melting curve for each PCR product. One negative control was included in all of the reactions.
Trypsin mRNA expression
The quantity of trypsin mRNA in each sample was normalized by β-actin. Trypsin cDNA was quantified using relative standard curve methods, as described by Longergan et al. (2003) . Because the amplification efficiency of the target and references genes differed slightly, the quantification of the gene copy number was derived from a different standard curve for the target and reference genes. The mean value of the control group samples was assigned a value of 1, and normalized target values were expressed as a percentage of the control group.
Statistical analysis
The experimental data were expressed as means and standard errors. The data were analyzed using an analysis of variance in SAS 8.0, and Duncan's multiple range test was used to compare treatment means. Differences were considered statistically significant at P < 0.05.
RESULTS
Performance
The growth performance results are presented in Table 3 . Supplementary acid protease had no effect on the FCR at any level (P > 0.05). At 1-42 days, the ADFI and ADG had significantly increased compared to the control in the 80 and 160 mg/kg treatment groups (P < 0.05), with the 80 mg/kg treatment group having the highest ADG value (44.21 g/day). Dietary acid protease supplementation of 160 mg/kg significantly increased the ADG by 6.3% at 1-21 days (P < 0.05), but 40 mg/kg of the protease had no significant effect on growth (P > 0.05). Each value represents mean ± SE of six replicates. In the same row, values with no superscript letter or the same superscript letter indicate no significant difference (P > 0.05); those with different superscript letters indicate a significant difference (P < 0.05). ADFI = average daily feed intake; ADG = average daily gain; FCR = feed conversion ratio. 
Pancreatic trypsin activity
After 21 and 42 days, trypsin activity in the pancreas of the control group (252 and 406 U·mg protein -1 , respectively) was similar to that in the 40 mg/kg dietary acid protease group (257 and 385 U·mg protein -1 , respectively; Figure 1 ). After 21 days, dietary acid protease at the 160 mg/ kg level significantly decreased trypsin activity by 26.2% (P < 0.05) in comparison to the control. After 42 days, dietary acid protease at the 80 and 160 mg/kg levels significantly decreased trypsin activity by 35.71 and 47.29%, respectively, compared to the control (P < 0.05).
Pancreatic trypsin mRNA expression
The amount of acid protease in the diet significantly affected trypsin mRNA expression in the broilers (Figure 2) . After 42 days, trypsin mRNA expression in the pancreas had significantly decreased by 19.5% in the 80 mg/kg acid protease treatment group relative to the control (P < 0.05). After 21 and 42 days, the diet supplemented with 160 mg/kg acid protease significantly decreased pancreatic trypsin mRNA by 19.6 and 37.7%, respectively, compared to the control. However, there was no significant difference between the 40 mg/kg treatment group and the control. 
DISCUSSION
Amino acids are costly nutrients that (with the exception of their synthetic forms) originate from dietary proteins. There have been several studies conducted on the effects of exogenous proteases in poultry diets on performance. Ghazi et al. (2003) reported that the use of one monocomponent protease resulted in increased ADG and AFDI, but the FCR was either negatively affected or not affected at all, depending on the protease concentration used. Gracia et al. (2003) reported a 9.4% improvement in BWG and a 4.2% increase in the FCR in seven-day-old broilers fed corn-soybean meal diets supplemented with a single exogenous α-amylase. However, Mahagna et al. (1995) found no beneficial effect of 250 or 1000 μg/kg amylase or protease-preparation supplementations on feed intake or growth rate from 1 to 14 days with a sorghum-soybean diet. In the present study, the addition of 80 mg/kg of acid protease to a corn-soybean basal diet improved the ADFI and ADG at 1-42 days by 3.5 and 3.6%, respectively. Dietary acid protease at the 160 mg/kg level increased the ADFI and ADG at 1-21 days (by 5.5 and 6.3%, respectively) and at 1-42 days (by 3.2 and 3.0%, respectively) compared to the control group. There was no effect on the FCR at any level of acid protease supplementation. Protein degradation is largely mediated by gastric and pancreatic secretions. Lemme et al. (2004) and Parsons et al. (1997) stated that protein digestibility depends upon the ingredients used in broiler feeds; therefore, undigested or incompletely digested protein represents an important opportunity for using exogenous proteases in broiler feeds.
The effects of exogenous enzymes in poultry diets on endogenous enzyme activity are frequently inconsistent. Ritz et al. (1995) reported that pancreatic enzyme activity did not significantly change after oral digestive enzyme administration, and suggested that differences in the physical structures between endogenous animal enzymes and those of bacterial or plant origin may prevent feedback inhibition of pancreatic enzyme production. However, Mahagna et al. (1995) found that intestinal protease activity decreased when chicks were fed diets supplemented with exogenous amylase and protease. Jiang et al. (2008) found that pancreatic amylase activity decreased from 9 to 33% with increasing levels of exogenous amylase (250 to 2250 mg/kg), which may indicate a negative pancreatic enzyme production response. Differences in the types and amounts of enzyme used, as well as in experimental design (particularly the nutrients used in negative controls), can partly explain the conflicting and highly variable results that have been reported. In the present study, we found a significant decrease in pancreatic trypsin activity with exogenous acid protease supplementation. Our results indicate that there may be beneficial effects of protease supplementation on the secretion of trypsin.
Trypsin is mainly synthesized by pancreatic tissues; in our study, a decrease in pancreatic trypsin activity was associated with a change in trypsin mRNA expression, and the amount of acid protease in the diet significantly affected trypsin mRNA expression. This suggests that the presence of exogenous acid protease in the intestine influences trypsin at the transcriptional level. Protease activity is regulated by three different mechanisms: zymogen synthesis, zymogen activation, and protease inactivation by inhibitors (Neurath, 1984) . Trypsin activity is regulated by all of these mechanisms. Furthermore, trypsinogen synthesis is regulated at three levels: transcription, translation, and post-translation. Whether regulation in broilers is caused directly or indirectly by exogenous protease, and whether it responds at the transcriptional, translational, or secretory level remains unclear, because of the difficulty in distinguishing between exogenous and endogenous proteases in the intestine. Xu et al. (2006) reported that pancreatic amylase activity decreased with a low-starch diet. Lhoste et al. (1994) found that trypsin activity and mRNA expression increased in rats fed a diet containing 500 g·kg -1 casein. Therefore, decreases in trypsin expression may be caused by protein breakdown in the intestine by exogenous acid protease, which may result in a decreased dietary stimulus to the gastrointestinal tract neural system and a downregulation of trypsin expression. Rothman et al. (2002) pointed out that a large proportion of the digestive enzymes secreted by the pancreas are absorbed into the blood and recycled in the enteropancreatic circulation, which is similar to the enterohepatic circulation. If so, an increased presence of dietary acid protease would elevate levels of circulating proteases, and correspondingly increase protease accumulation in the pancreas. If this is the case, the increasing involvement of dietary proteases in the enteropancreatic circulation may negatively affect the pancreatic production of trypsin mRNA or protein. The pancreas is responsible for both the synthesis and secretion of digestive enzymes. If the synthetic rate is the same as the secretory rate, and if trypsin mRNA expression decreases under the mitigation of a neural stimulus or the endogenous interference of the enteropancreatic circulation, or both, trypsin secretion would decrease. This may explain the decrease in pancreatic trypsin activity and mRNA expression when a large amount of dietary protease was added to broiler diets in this study.
Supplementary dietary acid protease at the 80 mg/kg level resulted in the highest broiler ADG in our experiment. High levels of dietary acid protease not only increase feed cost but also decrease levels of endogenous trypsin, which negatively affects growth performance. Exogenous enzyme supplementation also negatively affected pancreatic enzyme mRNA levels, suggesting that caution should be exercised when supplementing poultry diets with high levels of exogenous pancreatic enzyme analogs.
